Objective: To investigate the relationship between food energy and macronutrient intake and body fatness assessed up to seven times between 2 and 15 y of age. Design: Prospective, observational study. Generalised linear estimating equations were used to evaluate the longitudinal relationship between body fatness and macronutrient intake. Regression analysis was used to assess whether body fatness at a particular age was predicted by intake at any of the previous ages. Setting: Community-based project in Adelaide, South Australia. Subjects: In all 143 ± 243 subjects from a representative birth cohort of healthy children recruited in 1975 and followed over 15 y. Main outcome measures: The dependent variables were body mass index (BMI), triceps (TC) and subscapular (SS) skinfolds, expressed as standard deviation (s.d.) scores at each age. The predictor variables were energyadjusted macronutrient intake and total energy intake, estimated from a 3 ± 4 day diet diary, the previous corresponding measure of body fatness, sex and parental BMI, TC or SS. Results: Across 2 ± 15 y energy-adjusted fat and carbohydrate intakes were respectively directly and inversely related to SS skinfold measures but not to either BMI or TC skinfold. The best predictor of fatness was previous adiposity, with the effect strengthening as the age interval shortened. Parental BMI, maternal SS and paternal TC contributed to the variance of the corresponding measure in children at some but not all ages. Conclusions: The current level of body fatness of the child and parental adiposity are more important predictors than dietary intake variables of risk of children becoming or remaining overweight as they grow.
Introduction
The prevalence of obesity is increasing worldwide and is a priority public health issue. The recent report from a WHO Consultation on Obesity recognised obesity`as a disease, which is prevalent in both developing and developed countries and affects children and adults alike ' (WHO, 1998) . Further analysis by the authors of data from a national survey in Australia in 1995 using the recently available international cut-offs for the de®nition of overweight and obesity (Cole et al, 2000) , identi®ed 15% of 2 to 18-y-olds as overweight and a further 5% as obese (McLennan & Podger 1998 , Magarey et al 2001 . The growing concern regarding the increasing prevalence of overweight and obesity in Australians of all ages is highlighted in the NHMRC report`Acting on Australia's weight: a strategy for the prevention of overweight and obesity ' (NHMRC, 1997) . With this increasing focus on prevention, attention has turned to understanding the role of diet composition in the development of obesity (Prentice, 1998) and the relationship between macronutrient intake and obesity (Grundy, 1998) . Lissner and Heitmann (1995) reviewed the evidence for an association between high-fat diets and the development of obesity in adults. Eighteen of the 25 cross-sectional studies indicated a positive relationship between energy-adjusted fat intake and relative weight (correlation coef®cient r values 0.17 ± 0.38). Prospective studies of dietary fat in relation to weight change give inconsistent results but are plagued by design problems. There is a paucity of data, particularly longitudinal, on the relationship between diet and adiposity in children.
There are a number of theoretical reasons why dietary fat may have a role in the development of obesity. Compared to protein and carbohydrate, fat is more palatable and energy dense, has less ability to regulate hunger and satiety and hence is more likely to lead to passive over-consumption (WHO, 1998) . There is evidence that a reduction in fat intake and hence energy density of the diet produces a spontaneous decline in total energy intake in adults (Bell et al, 1998) . Protein and carbohydrate, which have comparatively limited storage capacity, are preferentially oxidised when energy intake exceeds expenditure. There is no regulation of fat balance or limit on storage of excess energy from fat, which is more ef®ciently (about 96%) stored than excess carbohydrate energy (60 ± 80%) (Gazzaniga & Burns, 1993; Shultz et al, 1989; Horton et al, 1995) . Furthermore, it is suggested that there is a synergistic interaction with physical activity (Lissner & Heitmann, 1995) such that active individuals are able to tolerate a high-fat diet (40%) without storing excess fat, but if sedentary the same percentage fat intake would produce positive fat and energy balance. Overall, fat is poorly regulated at the level of both consumption and oxidation and it is possible that a high-fat diet compromises regulation of energy balance, particularly in those with a genetic predisposition to obesity and with low levels of activity (WHO, 1998; Lissner & Heitmann, 1995) .
Recently, a number of studies, the majority of which have been cross-sectional, have investigated the role of macronutrient intake in the development of body fatness in children (Gazzaniga & Burns, 1993; Ortega et al, 1995; Rolland-Cachera et al, 1995; Maffeis et al, 1996 Maffeis et al, , 1998 Nguyen et al, 1996; Davies, 1997; Tucker et al, 1997; Guillaume et al, 1998; Robertson et al, 1999) . There is no consistency between these studies in the methods for the estimation of body fatness or nutrient intake. Measures of body fatness have included body mass index (BMI), relative BMI (BMI divided by BMI at the 50th percentile for age and gender), skinfold measures at various sites and in a range of combinations, skinfold-derived percentage body fat and bioelectrical resistance. Nutrient intake methods have included 3 ± 5 day food records, multiple 24 h recall, food frequency and diet history, and no validation data were provided. The majority of the studies involved children aged 5 ± 12 y. Studies comparing nutrient intake of obese and non-obese children and adolescents have shown that percentage energy intake as fat is greater in obese subjects compared with non-obese, although total energy intake is not different (Gazzaniga & Burns, 1993; Ortega et al, 1995; Maffeis et al, 1996) . Other studies using BMI and or skinfold measures to estimate body fatness have reported a positive association between the percentage of food energy intake as fat and body fatness in children aged 6 ± 12 y (Guillaume et al, 1998; Tucker et al, 1997) before and after controlling for parental BMI. In contrast, Davies (1997) found no association or trends between energyadjusted nutrient intake and fatness in children aged 1.5 ± 4.5 y. Two longitudinal studies by Maffeis et al (1998) and Rolland-Cachera et al (1995) determined the association between macronutrient intake at baseline (ages 8 and 2 y, respectively) and body fatness 4 and 6 y respectively, later. In the older children nutrient intake was not a signi®cant predictor of body fatness but in the younger subjects, protein intake was positively associated with later adiposity, even after controlling for parental BMI. Robertson et al (1999) reported data from a longitudinal study which followed children from age 3 to 7 y. Children whose sum of seven skinfolds increased by 1.5 standard deviations or more in any year of the study were individually matched on age, gender and ethnicity to three control subjects from the cohort, who showed a smaller increase in skinfold thickness. Nutrient intakes were compared. The children with the greater skinfold increase reported higher energy and absolute fat (grams) intakes in the year prior to the skinfold change, higher fat (grams) intake in the year of change but no difference in percentage energy as fat (P 0.06).
The aim of this paper was to investigate the longitudinal relationship between macronutrient intake and adiposity at up to seven different ages using data from the Adelaide Nutrition Study (ANS), a longitudinal study of growth and nutrition from birth to 15 y in a representative birth cohort (Boulton, 1981 , Magarey & Boulton, 1987 Boulton et al, 1995) .
Subjects and methods

Subjects
Subjects in the ANS (n 500) were ®rst selected by birth order from healthy term infants born at Queen Victoria Hospital, Adelaide, South Australia between November 1975 and June 1976. A core sample of approximately 150 were retained in a longitudinal study of growth and nutrition from birth to 15 y of age (Boulton, 1981; Magarey & Boulton, 1987 . Considerable attrition had occurred from 500 at birth, to 198 at 2 y, to 130 at 11 y. No information is available on those lost to the study before 8 y of age. A further 113 children from the same birth cohort were recruited to the ANS for the 11 y assessment. These children had been participants in another large crosssectional family study of coronary risk factors of parents and children when aged 9 y (Boulton et al, 1995) . This gave a total of 243 subjects for assessment at 11 y and beyond. Details of the demographic status of participants and the reasons for cohort attrition have been published previously (Boulton, 1981; Magarey & Boulton, 1987 . The number of subjects at each age is shown in Table 1 .
Methods
Assessment of dietary intake
Dietary intake methodology and nutrient intake have been described in detail elsewhere (Boulton, 1981; Magarey & Boulton, 1987 . Brie¯y, intake was estimated from a 3 day weighed food record at ages 2, 4 and 6 y, and a 4 day weighed food record at 8, 11, 13 and 15 y of age. From age 11 the subjects were encouraged to take increasing responsibility for completing the food record. All food records were administered, coded and analysed by the ®rst author except those at 2 y. Food intake data was analysed using the Diaryan nutritional data bank (CSIRO Division of Human Nutrition, 1980), which is based on McCance and Widdowson's`The Composition of Foods' (Paul & Southgate, 1978) , as comprehensive Australian data was not available for computer analysis before 1990. Energyanutrient intakes were expressed as kJag per day. The extent of underreporting was assessed using the criteria of Goldberg et al (1991) and as previously detailed (Magarey & Boulton, 1994) .
Anthropometric measurements
Anthropometric measurements of height, body mass and triceps and subscapular skinfold thicknesses were taken by the ®rst author (except at age 2) at age 2, annually from age 4 to 8 y, and at 11, 13 and 15 y of age. BMI was calculated as body mass for height (kgam 2 ). BMI, and triceps (TC) and subscapular (SS) skinfold measurements (mm) were converted to standard deviation (s.d.) scores using the BMI centile curves derived by Cole et al (1995) , and the method of Davies et al (1993) , based on Tanner ± Whitehouse skinfold measurements. Use of s.d. scores allowed combination of data from boys and girls. The prevalence of overweight at each age was determined using the recently released international de®nition (Cole et al, 2000) . Parental anthropometric data were investigator-measured on one occasion only when children were 8 ± 9 y of age (219 fathers, 268 mothers); s.d. scores were not used for parental data.
Data analysis
Statistical analyses were undertaken using SPSS for Windows 8.0 (SPSS). All variables were tested for normality. Parental skinfold thickness measurements were log transformed. Data are expressed as mean (standard deviation) unless otherwise speci®ed. Differences between groups were examined using independent samples t-test. A signi®cance level of 0.01 was used due to the large number of comparisons.
For all subjects at each age,`energy-adjusted' macronutrient intakes were computed as the residuals from the regression model in which energy intake was the independent variable and absolute nutrient intake the dependent variable, using the method of Willett (1998) .
The overall relationship between energy-adjusted macronutrient intake and measures of body fatness (s.d. scores for BMI, TC, SS) was evaluated using generalised estimating equations (Liang & Zeger, 1986) . These equations allow aggregation of data over the 13 y period from 2 to 15 y of age for all subjects for whom there were two or more measurements and takes into account the fact that the data set includes repeated measures on subjects. Intake of each macronutrient was considered in turn as the independent variable.
Multiple regression analysis was used to determine whether body fatness at a particular age was predicted by macronutrient intake at previous ages. For each of the three dependent adiposity variables (s.d. scores for BMI, TC and SS) at a particular age, sets of three regression equations based on variables measured at each of the possible 11, 8, 6 , 4 and 2 y) were evaluated, which included each of the energy adjusted macronutrient intakes, total energy intake and BMI s.d. score at the previous age. Sex and maternal and paternal BMI were also included. This corresponds to evaluating the potential of fat intake 2 ± 13 y earlier to predict BMI at 15 y, controlling for gender parental adiposity, total energy intake and the level of fatness at the beginning of the interval. Standardised coef®cients are reported as these allow assessment of the relative effect of each variable in the model. The unstandardised coef®cients were very similar to the standardised for the variables with the greatest predictive value namely previous body fatness measure. In order to identify the subjects who, over a time interval, had the highest and lowest intakes of a macronutrient, a cumulative nutrient exposure score (CNES) was calculated as the sum of the quartile rankings for that energy-adjusted nutrient intake (1 lowest to 4 highest) at each age within that interval. Subjects at the extremes of intake were those who fell in the lowest or highest quartile at each of the diet assessments. For example at 15 y those with the lowest cumulative intake were those who fell in the lowest quartile at ages, 2, 4, 6, 8, 11, 13 and 15 y (ie CNES of 7) and similarly for the highest cumulative intake (CNES of 28). As almost no subjects consistently fell in the lowest or highest quartile, the top and bottom quintiles for CNES were selected to represent high and low exposure, namely greater than 21 and less than 14, respectively. At younger ages appropriate cumulative scores were selected on a similar basis. BMI s.d., TC s.d. and SS s.d. scores were compared between those subjects who fell in the extremes of cumulative nutrient exposure.
Ethics
Ethics approval was granted by the Women's and Children's Hospital (formerly The Adelaide Children's Hospital) Ethics Committee. Signed consent was given by parents and subjects from the age of 15 y.
Results
The age and physical characteristics of the subjects at each age and signi®cant gender differences are shown in Table  1 . Based on the international cut-offs, 12 ± 16% of boys were overweight, 12 ± 16% of prepubertal girls (2 ± 8 y) and 17 ± 22% of adolescent girls (11 ± 15 y). The energy, absolute macronutrient intake and percentage energy derived from each macronutrient at each age are shown in Table 2 . Males had greater intakes of energy and all macronutrients from age 2 y, but there were no differences with respect to percentage energy derived from the macronutrients.
Longitudinal data (all ages combined) Table 3 shows the results of ®tting the generalised estimating equations for each measure of body fatness and each macronutrient. There were no signi®cant associations between either BMI s.d. score or TC s.d. score and any macronutrient. There was a signi®cant positive association between fat intake and SS s.d. score and a signi®cant negative association between carbohydrate intake and this measure of fatness. Figure 1 shows the plots of SS s.d. score and fat intake at each age and all ages combined and demonstrates the weak association between adiposity and fat intake, and the narrow variation in fat intake that increases with age in these subjects.
Predictive potential of energy-adjusted macronutrient intake for adiposity at each successive age BMI.
For most ages energy-adjusted macronutrient intakes at a previous age were not signi®cant predictors of BMI s.d. score at subsequent ages. The data for fat intake as the independent variable are shown in Table 4 . The results for carbohydrate and protein were similar. Adjusted r 2 values ranged from 22% for the longest interval (2 ± 15 y) to between 50 and 86% for 2 y intervals (Table 4) . For similar time intervals, those models based on nutrient intake at 2 y accounted for less variance than models based on nutrient intake at older ages. In all analyses, previous BMI s.d. score had the greatest effect on subsequent BMI s.d. score and 2 ± 5 times the effect of either maternal or paternal BMI, the only other variables which were consistently signi®cantly associated with BMI s.d. score (Table 4) . Only for the interval 6 ± 8 y was intake of any nutrient a signi®cant predictor of BMI s.d. score. Fat intake at 6 y was positively associated, and protein intake negatively associated with BMI s.d. score at 8 y after controlling for BMI s.d. score at 6 y, maternal BMI, paternal BMI, sex and energy intake at 6 y (Table 4) . For the 2 ± 8 y period adjusted r 2 values were similar (0.50) when the independent variable dietary fat was replaced by either protein or carbohydrate. None of the nutrients at 2 y was a signi®cant predictor of BMI at 8 y.
Triceps and subscapular skinfold measurements. The analyses were repeated using TC s.d. and SS s.d. scores in turn as the dependent estimate of body fatness variables. The data for energy-adjusted fat intake as the independent variable are shown in Tables 5 and 6 . Between 10 and 64% of the variance in TC s.d. score was accounted for by the model with higher values (30 ± 64%) occurring for those intervals involving 8 y and older. Neither maternal TC nor intake of any nutrient were signi®cant predictors of TC s.d. score for any time interval. Previous TC s.d. score and paternal TC were the most consistent signi®cant predictors of later s.d. score with the effect of previous TC s.d. score generally being 2 ± 3 times greater than the effect of father's TC (Table 5) . Overall, a greater proportion (18 ± 72%) of the variance in SS s.d. score compared with TC s.d. score was accounted for by respective models. Trends similar to those for BMI s.d. score were evident whereby less variance was accounted for when the time interval was greater and the initial age was younger. Previous SS s.d. score accounted for the majority of the variance in all cases and had a greater effect (2 ± 5 times) than either parent's SS (Table 5) . Overall, both the skinfold models accounted for less variance than the corresponding models for BMI. For only one age interval was any nutrient a signi®cant predictor of SS s.d. score. Energy adjusted fat and carbohydrate intakes at 2 y were positively and negatively associated respectively, with SS s.d. score at 15 y (Table 5) .
Cumulative nutrient exposure There were no signi®cant differences for BMI s.d. score at the same age or any subsequent age between those with a high and those with a low cumulative nutrient exposure score. Both TC s.d. score and SS s.d. score at 4 y were signi®cantly greater in those with a high (n 35) compared with those with a low (n 33) cumulative protein intake at 4 y (TC s.d. score 0.37 vs 7 0.14, P 0.01; SS s.d. score 0.68 vs 0.17, P 0.01). There were no other signi®cant differences in any TC or SS s.d. scores either crosssectionally or longitudinally between those with a high and those with a low cumulative nutrient intake. Table 3 Longitudinal analysis at 2, 4, 6, 8, 11, 13 and 15 y of age in n 88 ± 130 a boys and n 65 ± 116 a girls of the association between body fatness measures and energy adjusted nutrient intake (Willett, 1998) using generalised estimating equations (Liang & Zeger, 1986) Does fat intake predict adiposity? AM Magarey et al Figure 1 Scatterplot of subscapular skinfold s.d. and energy-adjusted fat intake at each age and for all ages combined.
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Discussion
In this paper we describe the longitudinal relationships between energy and nutrient intake and three indirect estimates of body fatness in more than 130 healthy children at up to seven time points for each individual subject and across age intervals ranging from 2 to 15 y. To our knowledge there are only three (Rolland-Cachera et al, 1995; Maffeis et al, 1998; Robertson et al, 1999) other longitudinal studies in children available. These studies examined the predictive value of macronutrient intake for BMI (Rolland-Cachera et al, 1995; Maffeis et al, 1998) and skinfold measures (Rolland-Cachera et al, 1995; Robertson et al, 1999) in prepubertal children over single age intervals of 1 (Robertson et al, 1999) , 4 (Maffeis et al, 1998) and 6 (Rolland-Cachera et al, 1995) y. The data reported in the current study suggest that across 2 ± 15 y, higher fat intakes were related to higher SS skinfold estimates of body fatness, whilst for carbohydrate there was an inverse relationship. There was no association between macronutrient intake distribution and BMI or TC skinfold. By far the best predictor of body fatness at any age was adiposity at previous ages with the effect strengthening as the age interval shortened. For any particular age interval, the regression model explained a greater proportion of the variance for BMI than skinfolds and a greater proportion of the variance in SS than in TC. As the greatest contributor to the variance was previous body fatness measure, this hierarchy predominantly re¯ects the degree of tracking of each of these body fatness variables, ie BMI tracks more strongly than SS skinfold which tracks more strongly than TC skinfold. Overall, macronutrient intake at an earlier age did not predict body fatness at later ages.
Previous studies investigating dietary intake and body fatness have used a range of measures. BMI is the most easily derived and commonly used variable to de®ne overweight but its utility as an indirect measure of adiposity (percentage body fat or total body fat) varies according to age and gender (Roche et al, 1981) . Tricep skinfold, tricep plus subscapular skinfolds, and the sum of four skinfold measures (bicep, tricep, subscapular and suprailiac) have all been used as indirect estimates of percentage body fat in children aged 1 ± 18 y (Roche et al, 1981; Brook, 1971; Slaughter et al, 1988; Deurenberg et al, 1990) . TC and SS skinfolds as single measures have been shown to be useful predictive anthropometric indicators of total body fat and abdominal fat respectively, in 6 to 18-y-olds when evaluated against underwater weighing and nuclear magnetic resonance imaging, respectively (Roche, 1981; Fox et al, 1993) . BMI and skinfold measures in children vary considerably with age and gender and hence in a longitudinal study it is important to utilise variables that can be used over a wide age range. The availability of reference curves (Cole et al, 1995; Davies et al, 1993) enables the estimate of BMI, TC skinfold and SS skinfold s.d., which takes into account the skewness of skinfold data and most importantly Table 4 Standardised b values from multiple regression analysis with body mass index standard deviation score (BMI s.d.) a at the current age (indicated by the upper end of the age interval) as the dependent variable and energy-adjusted fat intake (Willett, 1998) Degrees of freedom: varied from minimum 106 for 6 ± 15 y to 188 for 11 ± 13 y. *P b 0.05 0.10; { P 0.05; { P 0.01; § P 0.001. Table 6 Standardised b values from multiple regression analysis with subscapular skinfold standard deviation score (SS s.d.) a at the current age (indicated by the upper end of the age interval) as the dependent variable and energy-adjusted fat intake (Willett, 1998) , energy intake (kJ) and SS s.d. at the previous age (indicated by the lower end of the age interval), parental subscapular skinfold at child age 8 and sex as the independent variables, and adjusted allows comparison between gender and across ages, and aggregation of data from both sexes for longitudinal analyses. Given the discussion above and the availability of this reference data, BMI, TC and SS skinfolds were used as indirect estimates of body fatness. It is important when investigating the relationship between nutrient intake and a biological variable to use a measure of intake of the nutrient that is independent of energy intake. This is particularly important in this study, when energy intake itself is a potential confounding variable and energy and nutrient intake increases with age and in older children is greater in boys than girls. Hence, it is recommended that macronutrient intake is adjusted for total energy intake using the residual method and that total energy intake also be included as an additional control variable in analyses (Nelson & Bingham, 1997; Willett, 1998 ). An additional advantage of energy adjustment is that it reduces the effect of potential systematic bias due to under-reporting energy intake (Nelson & Bingham, 1997) .
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The results from the generalised estimating equations and the regression analyses suggest that overall macronutrient intake appears to have little predictive value for BMI. These ®ndings are consistent with those from cross sectional studies of 1444, 1.5 to 4.5-y-old British children (Davies, 1997) and 82 8-y-old Italian children (Maffeis et al, 1996) . In contrast, Guillaume et al (1998) reported in a cross sectional study of 955, 6 to 12-y-old boys, a positive correlation between BMI and both percentage energy as fat and protein and an inverse relationship between BMI and percentage energy as carbohydrate. No data on the size of the associations were given. Obarzanek et al (1994) reported total fat intake as a percentage of energy intake was a signi®cant predictor of BMI and sum of skinfold measures in 1103 white 10-y-old girls. However, the models which included the independent variables age, percentage energy as fat, hours of TV and video watching, socioeconomic status and education only accounted for 5% of the variance in BMI or skinfold measures. Ortega et al (1995) reported a higher proportion of energy intake from fat and protein in 12 obese compared with 52 normal-weight 15 to 17-y-olds.
Based on the generalised estimating equations SS s.d. score was positively associated with fat intake and negatively associated with carbohydrate intake, although the regression analyses failed to consistently support this relationship. A number of cross sectional studies have reported a similar relationship between fat and carbohydrate intake and body fatness (Tucker et al, 1987; Obarzanek et al, 1994; Guillaume et al, 1998) in children aged 6 ± 12 y using a variety of skinfold measurements to estimate percentage body fat. Maffeis et al, (1996) and Gazzaniga and Burns (1993) used cross sectional skinfold measurements to de®ne 82 and 48, 9-y-olds as obese or non-obese and reported that the obese subjects had a greater percentage energy intake as fat than non-obese. Nguyen et al, (1996) estimated body fat mass using bioelectrical impedance and skinfold measures in 71, 4 to 7-y-old children. They reported a positive association between fat mass and percentage energy intake as fat and non-fat but only in boys. In contrast the present study did not ®nd an association between percentage energy as fat and either BMI or TC, estimates of total body fat but did ®nd a positive association with SS skinfold an estimate of abdominal fat.
Only two previous studies have reported longitudinal data comparable to the data presented in the current study, but in both cases for one age interval only. RollandCachera et al (1995) examined the predictive value of macronutrient intake as percentage total energy intake (estimated using a diet history methodology) at 2 y of age for BMI, TC and SS (not s.d. scores) at 8 y in 112 children. Similar control variables to the present study were included. They found a signi®cant positive relationship between percentage energy as protein at 2 y and BMI at 8 y, that accounted for 8% of the variance in the latter, after adjusting for parental BMI (self-reported), and total energy intake and BMI at 2 y. There was no signi®cant correlation with fat or carbohydrate. No data on the comparative impact of the independent variables are given. Our corresponding model for 2 ± 8 y accounted for approximately 50% (P`0.0001) of the variance in BMI at 8 y, but there was no signi®cant effect of any of the macronutrient intakes. The impact of BMI s.d. score at 2 y on BMI at 8 y was approximately twice that of either parent's BMI. These authors also reported a positive association between protein intake at 2 y and SS (but not TC) at 8 y, after adjusting for parental BMI, but not previous skinfold. Our results showed no association between energy-adjusted macronutrient intakes and either TC or SS after controlling for the corresponding skinfold measure in parents or at the previous age, the latter again being the most consistent and strongest predictor. The exception is the age interval 2 ± 15 y where fat intake at 2 y was a signi®cant predictor of both TC and SS measures at 15 y.
Overall, our results fail to support the association between protein intake and body fatness in children reported by Rolland-Cachera et al (1995) and our model accounts for a much higher proportion of the variance in BMI. The use of s.d. scores, different dietary intake and energy adjustment methodologies and measured rather than self-reported parental BMI may account for this discrepancy. However, it is interesting to note from Table 5 that for all intervals involving 6 y the previous TC measure has no signi®cant predictive value, which is inconsistent with the pattern seen for the other age intervals and for BMI and SS. TC skinfold has been proposed as a good indicator of total body fat in children (Roche et al, 1981) . The reason for this different pattern is not clear but may be related to the adiposity rebound proposed by Rolland-Cachera et al (1995) to occur around 6 y of age. An interesting exception to the general pattern of our data was for the interval 6 ± 8 y, where, after controlling for previous BMI and parental BMI, fat intake was positively and protein negatively associated with BMI. The higher TC and SS s.d. scores in those with a high cumulative protein intake at 4 y is also of interest. However, a plausible interpretation of these anomalies is not readily apparent from the current data.
Does fat intake predict adiposity? AM Magarey et al Maffeis et al (1998) also reported the relationship between dietary intake using diet history methodology and BMI for 112 children at 8 y of age with 4 y followup data. Maternal and paternal BMI (self-reported) were the only signi®cant predictors of relative BMI at 12 y accounting for 13.5% of the variance in the children's BMI. No nutrient variable was a signi®cant predictor. BMI at baseline, by far the strongest predictor in our data, was not included in the model. In our study, there were no consistent relationships across time intervals between intake of any macronutrient and BMI. Parental BMI and subject BMI at the initial time point were consistently positively associated with BMI at the later time and accounted for between 22 and 86% of the variance, depending on the time interval.
The inconsistent results within the present study and differences between previous studies may be accounted for in part by the measurement of nutrient intake. Different measures were used in the various studies and in crosssectional analyses intake was measured at a single time point, although in some studies the diet methodology used attempted to determine intake over a longer period (Rolland-Cachera et al, 1995; Maffeis et al, 1998; Robertson et al, 1999) . Use of a cumulative nutrient exposure score in the present study attempted to overcome this dif®culty by identifying subjects with consistently and relatively high and low macronutrient intakes over time. Failure to detect any signi®cant difference in body fatness between those classi®ed as having high and low intakes may re¯ect in part the considerable variation in macronutrient intake between time points, such that on a longitudinal basis the variation in average intake between subjects is small. This is evident from the absence of subjects who consistently fell in either the highest or lowest quartile for any nutrient intake. The potential power effect of the limited number of subjects and the small difference between the mean intakes of the high and low intake groups, namely approximately 14 g for protein and fat and 40 g for carbohydrate, irrespective of the age interval, should also be noted.
One of the limitations of the present study is the lack of control for energy expenditure. A number of previous studies included measures of physical activity (Gazzaniga & Burns, 1993; Nguyen et al, 1996; Tucker et al, 1997; Maffeis et al, 1998; Robertson et al, 1999) but none found any signi®cant association with body fatness. Obarzanek et al (1994) , in a cross sectional study of 2400 9 to 10-y-old black and white American girls, reported TV watching was a signi®cant predictor of BMI and skinfold thickness in regression models that accounted for 4 ± 5% of the variance. The inherent dif®culty in accurately measuring energy expenditure and the fact that physical activity accounts for less than 40% of overall daily energy expenditure may contribute to this general lack of association (Torun et al, 1996) .
The problems associated with accurately measuring energy and nutrient intake in any individual must not be overlooked and is necessarily a compromise between compliance and the best estimate. The potential for systematic under-recording of intake, particularly in the older age groups, must be considered. The relatively high prevalence of overweight in this sample further increase this risk (Bandini et al, 1990) . However, this issue has been explored in these subjects previously using Goldberg cutoffs (Goldberg et al, 1991) and the results suggest that under-reporting is not a major problem except in girls aged 13 (23%) and 15 (34%) y (Magarey & Boulton, 1987) . For all age groups there was no signi®cant difference in macronutrient density between those identi®ed as underrecorders and the rest of the sample. Furthermore, the use of energy adjusted macronutrient intakes should reduce the impact of any systematic under-reporting (Nelson & Bingham, 1997) .
The variable results from the present study may, to some extent, re¯ect the limitations of precision and speci®city associated with indirect estimates of body fatness such as anthropometrics, and the problems of accurately estimating dietary intake. In addition skinfold measures may be associated with considerable inter and intra-observer error, particularly in fatter children, and this limitation must be considered. The use of the same observer for all children at every time point except 2 y is a strength of this study and minimises the inter-observer error. Nevertheless, this study reports the most comprehensive longitudinal data on the relationship between diet and adiposity in children and adolescents to date. These data clearly indicate that previous BMI, SS and TC skinfold measures are important predictors for current adiposity and demonstrate the importance of the phenomenon of tracking through childhood and adolescence. Parental BMI is also a signi®cant predictor, while maternal abdominal fatness and paternal total body fat appear to selectively predict the corresponding measure in children. Results suggest that, within a normal group of growing children and adolescents, body fatness and particularly abdominal fat (as measured by SS skinfold) is positively associated with energyadjusted dietary fat intake. High fat intakes may selectively be associated with increased abdominal fat rather than total body fat (as estimated by TC and BMI). These ®ndings have implications for the prevention of overweight and obesity, particularly central obesity, which is associated with a higher risk of obesityrelated complications such as heart disease and noninsulin dependent diabetes (WHO, 1998) . The WHO (1998) concludes that treatment of childhood obesity and prevention strategies aimed at high-risk groups of children are both important components of targeted obesity prevention. Overall, these results suggest that parental adiposity and the current level of fatness of the child may be useful in identifying children at risk of becoming or remaining overweight as they grow and support a family approach that promotes a high carbohydrate, lower fat diet. allowed themselves to be measured over many years, and especially their parents. The work was originally funded by the National Heart Foundation of Australia, and subsequently by the Adelaide Children's Hospital Research Foundation and the National Health and Medical Research council of Australia.
